ABSTRACT. Neonatal neutrophil migration was inhibited by preincubation with a lymphokine/monokine-rich medium conditioned by phytohemagglutinin-stimulated mononuclear leucocytes. Medium conditioned by unstimulated mononuclear cells or nonconditioned medium had no effect on neonatal neutrophil migration. Similar results were obtained with adult neutrophils. Migration distances in the presence and absence of a chemotactic gradient were much lower for neutrophils from neonates than adults when comparing treatments with the corresponding medium, i.e. medium conditioned by phytohemmaglutinin-stimulated mononuclear leucocytes, medium conditioned by unstimulated mononuclear leucocytes, or medium unconditioned by mononuclear leucocytes (p < 0.01). Although locomotion of both neonatal and adult neutrophils was inhibited by treatment, the percent inhibition of random migration was slightly but significantly less for neonates than adults (p Newborn infants, especially when born prematurely, are more susceptible to bacterial infections and experience greater morbidity and mortality from infections when compared to older children. The basis of the increased susceptibility of the neonate to infection is still not clear. Abnormalities of several components of the immune system of the neonate have been described and are believed to be contributing factors. Among these are findings that neonatal neutrophils are poor in chemotactic (1-7) and antimicrobial functions (8-14) compared with those of older children and adults.
Newborn infants, especially when born prematurely, are more susceptible to bacterial infections and experience greater morbidity and mortality from infections when compared to older children. The basis of the increased susceptibility of the neonate to infection is still not clear. Abnormalities of several components of the immune system of the neonate have been described and are believed to be contributing factors. Among these are findings that neonatal neutrophils are poor in chemotactic (1-7) and antimicrobial functions (8-14) compared with those of older children and adults.
There is evidence that mediators released by lymphocytes and monocytes (lymphokines and monokines) can augment the antimicrobial properties of neutrophils (1 5-20) . Activation of neutrophils by these mediators is likely to occur during infection and may be essential for optimizing neutrophil microbial killing. We propose that neonatal neutrophils respond poorly to lymphokines and monokines and that this may be a contributing factor to increased susceptibility to infections in the neonate. In this study we examined the response of neonatal neutrophils to MNL-derived neutrophil migration inhibitory factors.
MATERIALS AND METHODS
Blood. Twenty-three umbilical cord blood samples from healthy term infants born by normal vaginal delivery and 16 venous blood samples from healthy adults were collected into tubes containing 125 U lithium heparin. Informed consent was obtained from the mothers of the infants and from the adult volunteers. Neonatal and adult samples were prepared and tested in parallel on the same day.
Leucocyte separation. MNL and neutrophils were separated from adult blood by the rapid single-step method (21). The separation medium was prepared by mixing 17.4 ml Angiografin, 11.3 ml Urovist S, 8 g Ficoll, and 71.3 ml distilled water. The density of this medium was brought to 1.1 14 g/ml and pH 7.0. A modified medium for isolating cord blood neutrophils was prepared by separately adjusting the densities of Angiografin and Urovist S to 1.1 14 g/ml with 8% Ficoll, and then mixing equal volumes of these two solutions and adjusting the pH to 7.2. Angiografin (65% aqueous meglumine amidotrizoate) and Urovist S (50% aqueous sodium diatrizoate) were obtained from Schering AG (Berlin/Bergkamen, Germany) and Ficoll (mol wt = 400,000) was obtained from Pharmacia.
Blood was layered onto the appropriate separation medium and centrifuged at 500 x g for 30 min. MNL collected as a band at the plasma-medium interface and neutrophils collected as a second distinct band. Occasionally erythrocyte contamination of the neonatal neutrophil band was observed and in these cases the red blood cells were lysed by incubating with 0.87% ammonium chloride for 5 min at 37" C. Neutrophils were washed three times in medium 199 (Commonwealth Serum Laboratories, Melbourne, Australia) and resuspended at 4 X 107/ml.
Preparation of MNL-conditioned media. MNL-conditioned medium was prepared as described previously (15, 16). Briefly, adult MNL were cultured in the presence or absence of 1 pg/ml PHA in RPMI 1640 tissue culture medium (Flow Laboratories, Sydney, Australia) containing 2.5% human AB serum for 24 h, washed, and recultured for another 48 h. The supernatants were centrifuged to remove cells and debris, millipore filtered (0.22 pm), and stored in aliquots at -20" C. Medium conditioned by PHA-stimulated MNL was termed sCM. Medium conditioned by MNL without PHA (nsCM) and medium unconditioned by MNL (NCM) were used as controls. The same batch of conditioned media was used throughout this study. sCM is known to contain a mixture of lvm~hokines and vonokines including of cell suspension and three volumes of conditioned media were mixed to produce a final concentration of 10" cells/ml and incubated at 37" C in a humidified 5% COz-air atmosphere for I h. For each cord blood sample or adult sample separate incubations of neutrophils with sCM, nsCM, and NCM were performed simultaneously. After incubation cells were centrifuged and ~esuspended at 4 x 107/ml in medium 199.
Neutrophil chemotaxis and random movement. Neutrophil random mobility and chemotactic responsiveness under agarose were measured as previously described (22, 23) . Agarose plates were prepared by mixing 3 ml of 2% agarose with 3 ml of double strength medium 199 containing 10% heat inactivated fetal calf serum. Wells 2.5 mm in diameter were cut with the aid of a template. For chemotaxis, three wells in a straight line were cut 2.5 mm apart. Five p1 cell suspension ( 2 x 10kells) were added to the center well and 5 p1 of the chemotactic agent lo-' M FMLP or dimethyl sulphoxide control added to the outer wells. The plates were incubated for 90 min at 37" C in a humidified 5% C02-air atmosphere. Chemotactic migration measured with an inverted microscope using an eyepiece grid, was taken as the distance traveled by the 10 fastest moving cells in the direction of the well containing FMLP. Random migration distance was similarly measured as the mean distance traveled in four directions by the 10 fastest moving cells from wells in the absence of a chemotactic gradient. Duplicate wells on duplicate plates were set up for each sample for both random and chemotactic migrations.
Statistics. Random and chemotactic migration distances of neonatal and adult neutrophils preincubated with sCM, nsCM, and NCM were compared. The migration inhibition effect of the sCM was calculated as the difference in migration distance between sCM-and nsCM-preincubated neutrophils as a percentage of the nsCM -preincubated neutrophil migration distance. Wilcoxon's matched pairs signed rank tests were used to compare mean migration distances of neonate and adult neutrophils prepared and tested on the same day.
RESULTS
The data for random and chemotactic migration distances of neonatal and adult neutrophils preincubated with corresponding media are presented in Tables 1 and 2 . The percent inhibition of migration due to sCM and the results of the paired nonparametric statistical comparisons between neonatal and adult neutrophil migration are also included in Tables I and 2 .
Neonatal neutrophils show significantly decreased random and chemotactic migration compared to adult neutrophils preincubated with corresponding media. Preincubation with sCM inhibited both random and chemotactic migration of neonatal and adult neutrophils. The percent inhibition caused by sCM of random migration was significantly lower for neonatal neutrophils compared to adult neutrophils but there was no significant difference in percent inhibition due to sCM of chemotactic migration of neonatal and adult neutrophils.
The data presented show that there were wide variations in migration distances of the neonatal neutrophils within treatment groups. We considered the time elapsed between collection and separation of the blood (1-12 h), duration of centrifugation * Chemotactic migration and percent inhibition for neutrophils from each neonate and adult after preincubation with conditioned media. Data on each horizontal row were obtained on the same day. p = probability of statistically significant difference between neonate and adults using Wilcoxon's paired test.
t Neonatal blood samples requiring both hypotonic lysis and more than 50 min centrifugation.
through the density gradient, and erythrocyte lysis as possible sources of variation. It was found that cord blood samples which required more than 50 min centrifugation through the gradient as well as erythrocyte lysis showed decreased random and chemotactic neutrophil migration compared to samples requiring either long centrifugation or lysis alone. There was no significant effect of the time elapsed between collection and separation of the blood sample on migration distance.
DISCUSSION
Our results show that both random and chemotactic migration of neonatal neutrophils was impaired compared to adult cells. Neonatal neutrophils migrate only about 60% of the distance that adult neutrophils move over a 90-min period. The reduced chemotactic migration of neonatal neutrophils has been well documented (1-16) but there have been limited studies on random movement. Our demonstration of decreased random mobility of neutrophils from newborn babies confirms the results of Zeligs et al. (7) , but contrasts with those of Tono-Aka et al.
(1) who used a more complicated method of leucocyte separation.
It has been suggested that the differences between adult and newborn neutrophil chemotactically directed migration may be related to decreased availability of receptors for chemotactic factors (2, 24-26). Defects in the neonatal neutrophil membrane and cytoskeletal elements have also been implicated as possible reasons for their decreased mobility. For example, newborn neutrophils exhibit reduced deformability (2), irreversible aggregation (25), and reduced Concanavalin A capping (27, 28), all of which reflect abnormalities in the membrane. Cord blood neutrophils may include more immature forms than adult cells (29), or may represent different proportions of cells deriving from circulating or marginated pools. It is not known whether these differences are functionally important.
We have previously shown that sCM contains neutrophil migration inhibitory factor(s) active on adult neutrophils which might be leucocyte inhibitory factor (20). This study provides the first evidence that neonatal neutrophils also respond to this factor which causes a 40% decrease in random migration distance. However, paired statistical tests between adults and neonates suggest that the percent inhibition of random migration is significantly less in neonates than in adults. An impaired response to migration inhibitory factors could result in less efficient retention of neonatal neutrophils at the site of infection, and consequently contribute to the impaired response of neonates to bacterial infections. Chemotactic migration of adult and neonatal neutrophils was also inhibited by sCM by about 30% but there was no significant difference in the deg~,ee of inhibition between adults and newborns. This may be related to differences in mechanisms and controls of random and chemotactic movements (23).
Neutrophils are important cells dealing with bacterial infections of the types causing problems in neonates. Defects in their function may be critical in tipping the balance between successful resolution of infection or progression to overwhelming bacteremia. There is evidence that neonatal neutrophils may have abnormalities in their oxidative metabolism compared to adult cells (8-13) and that bactericidal activity of neonates may be impaired (14). sCM is known to contain lymphokine factors that modulate these neutrophil functions (1 5-20) . The results of this investigation suggest that neonatal neutrophils may show a reduced response to MNL-derived migration inhibitory factors. Further studies are needed to determine whether neonatal neutrophils might be less competent to respond to an array of MNLderived factors than adult cells.
